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(57) Abstract: An ultra-high precision stage incorporating a novel, legged design suitable for applications requiring high voltage 
and vacuum is disclosed herein. The stage comprises: a base; a frame attached to the base; a platform with a bottom platform surface; 
ai least three adjustable limbs coupled to the base and the bottom platform surface, each limb comprising a raising member attached 
to the base, a first attachment member attached to the raising member, a leg, a bottom end of the lee attached to the raisine member, 
a second attachment member attached to a top end of the leg and the second attachment member attached to the bottom platform 
surface; and platform movement members coupled to the platform and the frame, providing precise positioning and movement of 
the platform. The attachment members can be flexure joints; further, ihcy can be flexural thrust joints. The platform can have six 
degrees of freedom of movement and accommodate wafers with diameters of 300 mm. The stage can weigh less than 100 lbs. 
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PRECISION STAGE 



Cross-Reference to Related Applications 

This application claims the benefit of U.S. Provisional Application No. 60/163,846 filed 
November 5, 1999. This application is related to co-pending U.S. patent application entitled "Flexural 
5 Joint" by Martin E. Lee, Docket No. ID0OI 1US, filed on the same day as the present application. 

Background of the Invention 
Field of the Invention 

This invention relates to the field of precision stages, and in particular to stages compatible 
with high voltage and high vacuum, for use in multi-column charged particle lithography, test and 
10 inspection systems. 

Description of the Related Art 

Precision stages find many applications with steadily increasing precision requirements. In 
semiconductor capital equipment, for example, precision stages are required for carrying wafers 
during lithography process steps. As the length scales of microcircuit features become smaller, 

1 5 modern lithography moves toward the use of higher resolution techniques, for example phase shift 
masks, extreme ultraviolet (EUV) systems, and high throughput charged particle beam lithography. 
With the overall trend toward smaller features, positioning requirements of the wafer (and a stage 
platform upon which it rests) relative to lithography optics have become increasingly stringent. 

Due to the comparative magnitudes of charged particle wavelengths and sub-micron features, 

20 charged particle (especially electron) beam lithography is an important technique for realizing sub- 
micron feature sizes. However, in charged panicle beam lithography systems, vacuum and high 
voltage compatibility is an inherent design complication. 

In order to accelerate a charged particle beam, for example an electron beam, panicle beam 
lithography systems typically have electric potential differences (up to 100 kV) between different 

25 components. In many designs, a workpiece or wafer is held at a potential close to electrical ground 
and the electron source is at comparatively higher voltage. However, in some systems, the electron 
source is operated at a potential close to electrical ground, while the workpiece is held at compara- 
tively higher voltage. Such an electron source is described in U.S. Patent 5 ; 637,95L 

A vacuum is also required within the lithography device to allow the propagation of an 

30 electron beam. A high vacuum, with pressure of no more than 10"° Tonr, is typically required. Thus, in 
addition to providing the required precision, a stage for electron beam lithography must be able to 
sustain high voltage differences between components and be suitable for operation under high vacuum 
conditions. 
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In regard to high voltage operabil.ty. many prior art precision stages comprise several closely- 
coupled kinematic platforms. An exemplary prior an dev.ee of this type is shown in FIG. 1. However 
in a system where up to 100 kV potential difference must be held off with no arcing or other 
undesirable effects, close mechan.cal coupling of non-insulating components, such as illustrated >n 

FIG. 1, would be inappropriate. 

In regard to vacuum compatibility, many pnor an stages are mappropnate for use in a hi*h 
vacuum due to bearing designs that are prone to out-gassing, generating particulates, or otherw.se 
contaminating the vacuum system. In comparison to other bearing types, flexural bearing are verv 
well-suited for use in vacuum, and allow smooth, precise, predictable mot.on of the stage. Such 
properties are discussed in detail by Alexander Slocum, "Precision Machine Desmn". Prentice Hall 
NJ. 1992. However, most pnor art flexural bearings are potentially unstable when used as thrust 
bearings since the flexural joint ,s prone to distortion or buckling under compressive loads. Thus, in 
precision stage applications requinng vacuum compatibility, there ,s a need for multiple degrees of 
freedom of movement flexural thrust joints. 

Further, for positioning systems requiring precision movement and short times to reach a 
steady-state position (settling t.mes) after each movement, attention must be pa.d to perturbations that 
are insignificant for less precise systems. In order to optimize the mechanical stability of the sta-e 
under external impulses, vibrations or other mechanical perturbat.ons, most pnor art high precision 
hthography stages utilize massive, high inema elements. However, while a high inertia system tends 
to be mechanically stable, the reaction forces associated with moving a massive sta C e can degrade the 
accuracy and precision of the relative positioning of the lithography opt.es and the work platform 
unless a long settling t.me ,s accepted. A combination of careful isolation of the optics and addition of 
considerable mass to the optics mounts is required to overcome this problem. The resulting we.eht 
and volume of such devices is undesirable. It would be beneficial, then, to have a comparatively low- 
mass high precision stage that avoids these problems. Furthermore, such a low-mass stage would be 
well-suited for commercial lithography tools with their high throughput requirements, where frequent 
large accelerations and decelerations are required for rap.d processing of the workpiece. 

Therefore, especially for use ,n charged particle lithography systems, there is a need for stages 
capable of maintaining high precision alignment with a reference (for example the position of the 
hthography opt.es) while being vacuum compatible and capable of sustamms .ar^e volta- 
ditferences between elements. Such platforms should be cont.nuously and smoothlv movable over *x 
degrees of freedom of movement. Such platforms should also be capable of ho.dine workp.eces with 
characteristic lengths of hundreds of millimeters, e.g. 300 mm silicon wafers. 
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Summary of the invention 

This invention includes a precision stage incorporating a novel, legged design. The stage may- 
be used in applications requiring high voltage and vacuum, such as charged panicle lithography. 
According to aspects of the. mention, the stage comprises: a base; a frame attached to the base; a 
5 platform with a bottom platform surface; at least three adjustable limbs coupled to the base and the 
bottom platform surface, each limb comprising a raising member attached to the base, a first 
attachment member attached to the raising member, a leg, a bottom end of the leg attached to the 
raising member, a second attachment member attached to a top end of the leg and the second 
attachment member attached to the bottom platform surface; and platform movement members 

10 coupled to the platform and the frame. The attachment members can have two or three degrees of 
freedom of movement; they can be flexure joints; they can be flexural thrust joints. Furthermore, the 
first and second attachment members can be distinct from each other, by the degrees of freedom or the 
type of joint. The platform movement members can be actuators, and at least three actuators are 
provided for the platform. Further, they can be electromagnetic platform actuators, comprising: a first 

15 coil attached to the platform; a first magnet assembly attached to the frame and electromagnetically 
coupled to the first coil; and, a current control system electrically coupled to the first coil. 
Furthermore, a cooling system and cooling channels can be thermally coupled to the component of the 
electromagnetic actuator attached to the platform, allowing for platform temperature control to within 
+/- 0.1 degrees C. The raising members can be a combination of elements, arranged in parallel, 

20 chosen from: support elements, which provide a force to oppose the weight of the platform; raising 
actuators, which aliow adjustment of the elevation of the platform relative to the base; and damping 
elements. The support elements can be constant force supports, and the constant force supports can be 
buckled columns. The raising actuators can be electromagnetic raising actuators, comprising: a second 
coil attached to the base; a second magnet assembly attached to one of the first attachment members 

25 and electromagnetically coupled to the second coil; and. a current controller coupled to the second 
coil. 

In preferred embodiments: the platform has six degrees of freedom of movement; the legs are 
substantially parallel to each other; the platform is capable of accommodating wafers with a diameter 
of at least 100 mm; the platform and/or legs are made of substantially electrically insulating material. 

30 and/or the frame is a vacuum chamber, such that a workpiece can be held at up to 75 kV potential 
relative to the base and frame. The embodiment of the stage capable of accommodating a 300 mm 
wafer can weigh less than 100 lbs. 

In a preferred embodiment, the stage comprises: a base; a frame attached to the base: a 
platform with a bottom platform surface; three substantially parallel adjustable limbs coupled to the 

3^ base and the bottom platform surface, each limb comprising a raising member attached to the base, 
where the raising member is a constant lorce support m parallel with an electromagnetic raising 
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actuator, a first flexural thrust joint with three degrees of freedom of movement attached to the raising 
member, a leg, a bottom end of the leg attached to the first flexural thrust joint, a second flexural 
thrust joint with two degrees of freedom of movement attached to a top end of the leg and the second 
flexural thrust joint attached & the bottom p.atform surface; and four electromagnetic platform 
actuators coupled to the platform and the frame, whereby coordinated operation of both raisin, 
actuators and platform actuators provides precise positioning and movement of the p.atform with six 
degrees of freedom. 

Brief Description of the Fi gures 

FIG. 1 shows a prior an stage. 

FIG. 2A shows a preferred embodiment of the leg stage. 

FIG. 2B shows a cross-section through the leg stage of FIG. 2A, ,n the vertical plane 
contammg X-X\ and also shows a second platform movement member, a vacuum chamber, and 
charged panicle optics. 

FIG. 2C shows a plan view of the platform, with wafer and wafer chuck removed. 
FIG. 3A shows a diagrammatic plan v,ew of the platform movement member, showing 
magnet configuration. 

FIG. 3B shows a diagrammatic cross-sectional v,ew of the platform movement member of 
Fig. 3A. along A-A', showing relative placement of magnets and coil. 

FIG. 3C shows a plan view of the stage platform, showing the dnve coils and a schematic 

representation of the current control system. 

FIG. 3D shows a plan v,ew of the stage platform, showing the cooling lines and a schematic 
representation of the cooling circuit. 

FIG. 3E is a schematic illustration of the superposition of the magnets and first coils 
FIG. 4 shows a block diagram of a preferred embodiment of the electrical current control 



system 



FIG. 5 is a diagrammatic illustration of a preferred embodiment of the stage sensors. 

FIG. 6A is a schematic representation of a raising member. 

FIG. 6B is a diagrammatic illustration of a first design of the raising actuator. 

FIG. 6C is a diagrammatic illustration of a second design of a raising actuator, shown as a 

side view. 

FIG. 6D is a diagrammatic illustration of a second design of a raising actuator, shown as a top 

view. p 

FIG. 7 shows a two degrees of freedom of movement flexural joint. 

FIG. SA is a diagrammatic plan v.ew of an embodiment of a three deerees of freedom of 

movement flexural joint. 
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FIG. 8B shows a diagrammatic cross-sectional view of the second flexure hinge from FIG. 

SA. 

FIG. SC shows a diagrammatic cross-sectional view of the first flexure hinge from FIG. SA. 

FIG. 9A shows an exploded perspective view of a preferred embodiment of the three degrees 
of freedom of movement flexural joint. 

FIG. 9B shows a preferred embodiment of the three degrees of freedom of movement flexural 
joint with tilt of the leg axis. 

FIG. 9C shows a preferred embodiment of the three degrees of freedom of movement flexural 
joint with rotation about the leg axis. 

FIG. 10A shows an exploded perspective of an embodiment of a two degrees of freedom of 
movement flexural joint. 

FIG. 10B shows an embodiment of a two degrees of freedom of movement flexural joint with 
tilt of the leg axis. 

FIG. 10C shows an embodiment of a two degrees of freedom of movement flexural joint with 
rotation about the leg axis. 

Detailed Description 

FIG. 2A shows a perspective of a preferred embodiment of this invention; various compo- 
nents are not shown, for ease of illustration. In FIG. 2 A, stage 200, base 220 t first attachment 
members 230, platform 240, wafer chuck 242, wafer 244, bottom platform surface 250, second 
attachment members 260, legs 270, platform axes 280, raising members 285, and platform movement 
members 290 are shown. FIG. 2B shows a cross-section through the leg stage. In FIG. 2B, frame 210 
(shown here as a vacuum chamber), vacuum pump 215, base 220, first attachment members 230, 
second attachment members 260, legs 270, platform axes 2S0, raising members 285. platform 
movement members 290, and charged particle-optics 295 are shown. FIG. 2C shows the platform with 
wafer and wafer chuck removed. In FIG. 2C, platform beams 245, platform actuator carriers 246. 
carrier holes 247, wafer chuck support 248 and leg brackets 249 are shown. 

In the embodiment shown in FIG. 2 A, first attachment members 230 are coupled to raising 
members 285 and to the bottom ends of legs 270. The raising members are coupled to the base 220. 
The legs support platform 240 and the top ends of legs 270 are coupled to bottom platform surface 
250 by second attachment members 260. Platform movement member 290 is coupled to the platform. 
In preferred embodiments the legs are substantially parallel to each other. 

In FIG. 2B frame 210 is vacuum-sealed and coupled to a laboratory floor, through base 220. 
In alternate embodiments, some vibration isolation may be provided between the frame and the 
laboratory floor. Vacuum pump 215 is connected to vacuum-sealed frame 210, allowing effective 
evacuation of the vacuum-sealed frame (reaching high vacuum). Charged particle optics 295 is 
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movement members 290 away from the center of the platform, where the high voltage workpiece may 
be, is aiso an aspect of electrical isolation in a preferred embodiment. 

In FIG. 2A, platform 240 is free to move relative to frame 210. An aspect of the motion is 
accomplished with platform movement member 290. 
5 For lithography applications of stage 200 a wafer chuck 242, which is pan of platform 240, is 

used to hold a wafer 244 during lithographic processing. 

The use of lightweight materials such as alumina-based ceramic for constructing the stage 
platform 240 and legs 270, is an important contribution to achieving a low-mass high precision stage; 
design is also optimized to reduce weight, for example the alumina legs may be hollow, the alumina 
10 platform beams 245 may be 4 LT shaped in cross-section and the alumina platform actuator carriers 
246 may have carrier holes 247. The embodiment shown in FIG. 2C shows such a lightweight design. 

FIGS. 3A - 3E illustrate platform movement members 290 for a preferred embodiment of this 
invention. The platform movement 'members provide controllable planar motion of platform 240 
relative to frame 210. In a preferred embodiment shown in FIGS. 3 A - 3E, the platform movement 
15 members are comprised of four platform actuators, more specifically four electromagnetic platform 
actuators. 

In FIG. 3 A, frame 210, platform 240, magnets 330 and magnet supports 335 are shown. FIG. 
3B is a cross-sectional view from the plane AA' of FIG. 3 A. In FIG 3B, frame 210, platform 240, First 
coil 310, cooling channels 325, magnets 330, magnet supports 335 and electromagnetic platform 

20 actuator 337 are shown. FIGS. 3C and 3D show plan views of systems integral to the platform 
movement member for a preferred embodiment. In FIG. 3C platform 240, current control system 340, 
first coils 310 and first coil connecting cables 316 are shown. In FIG. 3D, platform 240, cooling 
channels 325 and cooling system 350 are shown. In FIG. 3E, one of first coils 310, first coil 
connecting cable 316. magnets 330, first coil leg 312, second coil leg 314 and magnet dimension 322 

25 are shown. 

In FIGS. 3A and 3B magnets 330 are attached to magnet supports 335, with N and S poles 
placed so as to form magnetic circuits according to well-known principles; this magnet configuration 
and magnet support together are referred to as a first magnet assembly. The magnet supports are 
attached to frame 210. First coils 310 are attached to platform 240 and are electrically coupled to 

30 current control system 340 (see FIG. 3C). The flow of electrical charge through the first coils in the 
presence of a magnetic field due to the first magnet assembly results in a Lorentz force (dF=IdIXB. 
where dF is a differential Lorentz force exerted by magnetic field B on a differential first coil element 
dl carrying electrical current I) being exerted on the first coils by the magnetic field. Since the first 
coils are attached to the platform, continuous and finely controllable planar (x. y) motion of the 

35 platform relanve to the frame may he accomplished by precise control of the electrical currents in 
selected rirst coils. Differential control of the electrical currents supplied to the coils mav also allow 
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The electrical resistances of first coik 7 i n a- - 
™ ■> them, convert „ „ sensible ^ , ^ ' — of the electrical energy supplied 
™.»t,„,„g a deslred reiirence ~ ^0 re moves hea, generated by , he fe, colis 

P^P. Md a d„,ce for re Ja„ g ^ ^ ~ ^ — fo r „„„ of coo.an, a 

_ an e^ar. e mb od,me„ t are shown O h 7' ^ ^ ^ » 

2^ those skilled ,„ .he an. ; °' h " C °"''^ '"^^ are re.d.ly apparent ,o 

"n most embodiments the current control 
conveniently be placed outside the frame „ 0 ,„ ,„ "° C °°'' nS sys ' m >™ m»v 

coo,a„, channels 3 25 and „rs, oo„ c^ J^^T ** »™ 2 '» " the 
channels and cables can be attached to the 1^ ch ^ T, " ^ ^ 
30 compromising the motion of ,egs 270 durin. „„ '" ^ " ™ y M "<>« 

d r ms — - — .o ^r:::;:r t care mMt be - 

»'ong the channels and cables. mechanical impulses and vibrations 

3 . - •* * - ^ - ~:::tc,r 330 and - - - - — - - 

» ™. 3E. „ , s apparen, tha, , h , ^ ^tL^ ** ^ ™" ^ ^ rom 

-h other. Th,s i, the case s.nce the current 11 7" "» ^ ' ' " cancel 

-P-s,n, he opp„s,„ g «rs, c„„ ,e, s . „.„,,„ 3 „ ^ ^ 
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by like magnetic fields, are in opposite directions. Therefore, the range of motion of the coils relative 
to the magnets is determined by width 322. It is noteworthy that the exemplary embodiment shown in 
FIG. 3E is a non-commutated motor. In applications requiring limited ranges of motion, non- 
commutated motors are preferred. However, in applications that require much larger ranges of motion. 
5 commutated linear electromagnetic motors, which are well-known in the art, may be used. 

For embodiments in which the platform movement members are linear actuators, then a 
minimum of three such actuators will be needed to provide motion with three degrees of freedom, as 
discussed above. 

FIG. 4 shows a block diagram of a preferred embodiment of current control system 340 as an 

10 integrated control system for stage 200 (see FIG. 2 A, FIG. 3C and FIG. 6B). In FIG. 4, current control 
system 340. trajectory generator 360, conversion matrix 362, feedforward controller 364, feedback 
controller 366, gravity compensator 368, predictor 370, adder and steering matrix 372, current 
amplifiers 374, stage sensors 380 and stage actuators 390 are shown. The stage actuators comprise 
platform movement member 290 and raising actuators 430 (see FIG. 2A). 

15 Current control system 340 comprises a control system that receives stage position data from 

stage sensors 380 as input and delivers driving electrical currents for stage actuators 390 as ourput. 
The direction of information flow is indicated in FIG. 4. 

Current control system 340 receives data input from stage sensors 380, and converts the data 
into (x, y, z, 9 X , 9 y , 8,) coordinates, representing the sensed position of the stage, by conversion matrix 

20 362. These values are sent to gravity compensator 368, feedback controller 366 and predictor 370. 
Trajectory generator 360 specifies desired coordinates (x, y, z, 9 X , 9 y , 9,) as a function of time from 
stored values. These sets of values are sent to feedforward controller 364 and feedback controller 366. 

As described, sets of coordinates for the actual and sensed positions are fed into feedback 
controller 366, which compares the desired position with the sensed position and calculates corrective 

25 signals to adjust the position of the stage. Trajectory generator coordinates are input to feedforward 
controller 364, which determines the platform acceleration and generates corrective signals to drive 
the platform to the desired coordinates. In particular embodiments, the feedforward controller may be 
adaptive, in which case input is received from the conversion matrix 362. Gravity compensator 36S 
receives sensed coordinates and generates signals compensating for the inverted pendulum behavior 

30 of platform 240. The compensator 36S can be considered as part of the feedforward controller 364. 
Predictor 370 receives sensed coordinates and generates signals to a writing deflection system to 
anticipate the position of platform 240 so that lithographic patterns can be correctly placed. 

In FIG 4. if feedforward controller 364 is accurate, then feedback controller 366 will generate 
null corrective signals. Otherwise, corrective control signals are combined and signals sent to current 

35 amplifiers 374 are generated by adder and steering matrix 372. The current amplifiers Generate 
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curxents proportional to the control sisals tor driving sta C e actuators 390 It 

the process of position sens.n, takes t.me there ,s a" el , h " " ^ 

p.atform 240 and ,ts sensed pos.t.on « ^1 T ^ ^ ^ ° f 

anttctpattn, the position onhe p latfon . ; 4 \ : ot Th,S T " ^ * ^ 3? ° 

> vo ltage control) of the sta g e aclorsTn _ pa tlcu I Zll " ^ ^ ^ ^ » 
the stage. embodiments may prov.de vibration isolation for 

FIG. 5 shows a preferred embodiment of stage sensors 3S0 In Fir - , 
3S2. laser beams 384. reflective s.de surfaces 385 refl ,merfer ° meters 
laser gators 383 are she,.. Platfo™ 3 7 ^ — ^ - 

in a preferred embodiment, reflective top an 7 Z ^ ^ ^ * ^ 

one p ie ce of materia, such as q uan 2 or Zerodur ™ h ' " ° f 

Aerometers 382 and tnanJators 3 3^ a ach e 7 ^ ^ " ^ ^ *« '» 

The support structure. ,n rum.; r, aidlv a a L ^ ° 3 ~ ^ ^ ^ ^ 
e _, attached to the charged particle optics (see ?95 in Fir ->r> i 

r:ir::r:;i; :;: ~ — - - - > — - 2 

— n ~ PaMm UPOT corabinatlon w , Ih Ihe j^i^:';:;: beam ™ - 

•he platform 240 ,o be accurately determ,„ed , '" * P05 "'°" ° f 

^ ^ ^ m i s tr ',:~: ,a, " s ; s3 r* ■ — » - - 

platform pos,„„„ ,s deterged rda „ v: , 0 , he s """" MP SUr ' aCe 386 ° f »'* f °'™ 240. The 

As illustrated in FIG n ni-itfx™, t ■ 
r a Platform 240 ,s attached to base 220 bv le-s ^0 1n H ,u u 

fxed to trame 210. In the embodiment show. ]n FIG ^ as " ^ ^ ^ baSe ,s 

articulate the platform re.at.ve to the frame a h m ° VenMinI memberS 290 

base results s.nce ^ le~s hav * " e,eVat, ° n ° f ^ to the 

elevation, sta-e , 0 ^ TT ^ T ° «* -* in the platform 

P^ra^ml 1 ^ ^ ** — ~ of the 

FIG r I ' at ' 0nS ° f ^ P,at ' 0rm ab ° Ut the X and v olatform ax-s ^S0 
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damping element 420. and raising actuator 430 are attached to the base and the attachment member. In 
one such embodiment the base is coupled to the laboratory floor (not shown). 

In the particular embodiment shown in FIG. 6A. support element 410 provides a supporting 
force that is dependent on the separation between first attachment member 230 and base 220. In 
general, a force provided by the support element may enhance the control performance of the raising 
actuator by reducing the load that the raising actuator is required to carry. Damping element 420 
provides a force in opposition to relative motions of the attachment member and base proportional to 
a time rate of change of their relative positions. In this embodiment, the support element and the 
damping element are passive. Raising actuator 430 is an active and controllable element in 
combination with a computer control system (not shown). FIG. 6A shows the case where motion is 
allowed in the z direction and constrained in all other directions. When the raising members are 
constrained to move linearly, then there will need to be at least 3 legs, with one such raising member 
attached to each leg, in order to give motion with three degrees of freedom, as described above. 

In alternate embodiments, support element 410 may provide a supporting force that is 
independent of the separation between First attachment member 230 and base 220 (a constant force 
support). The support element and damping element may also be a single element such as a visco- 
elastic beam. In a preferred embodiment, the support element and damping element are a single 
element comprising elastic structures loaded to a degree approaching a point of elastic stability (e.g. a 
buckled column), as taught in U.S. Patent 5,310,157. A low structural stiffness in this preferred 
embodiment may also be advantageous with respect to isolation of platform 240 from vibration. 
Alternative embodiments may consist simply of a raising actuator, a support element and raising 
actuator in parallel, or a damping element and a raising actuator in parallel. 

FIG. 6B shows an embodiment of the raising actuator where the raising actuator is an 
electromagnetic raising actuator. In FIG. 6B, one of legs 270, base 220. first attachment member 230, 
raising actuator 430, second magnet support 440, second magnets 450, second coil 460, electrical 
cables 3 1 7 and current control system 340 are shown. 

In FIG. 6B. raising actuator 430 is attached to the base 220 and first attachment member 230. 
In one such embodiment, base 220 may be coupled to the laboratory floor (not shown). Second 
magnets 450 are attached to second magnet support 440, with N and S poles placed so as to form a 
magnetic circuit according to well known principles; this magnet configuration and magnet support 
together are referred to as a first magnet assembly. The magnet support 440 is attached to first 
attachment member 230. Second coil 400 is attached to the base and is electrically coupled by 
electrical cables 317 to current control system 340. According to well-known principles described 
above, the electrical currents in the coil result m a Lorentz force being exerted on the attachment 
member by the magnetic field. Thus, continuous and finely controllable motion of one of legs 270 
relative to the base is accomplished by precise control of the electrical current in the second coil. The 
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control of the elecmca, currents ,„ , he co , |s jf provided as ^ ^ ^ ^ 

combination w,,„ piatform movement member 290 . the raismg acmaMrs a||o>v ^^^^ ' 
movement of platform 240 (see FIG. 2). * 
F ' CS < !C »""D^w a „„ Iher e mb(Kl , memofraismsmembCT28 . lnF)Gs 6candffi 

Rising actuator ,s a voice eoi, actuator. ,„ nOS. 6C and 6D. base 220. vo.ce c„„ ma,me, 5 ,0 vo.ce 
CO 020, shaft 530. ,„,„ beam 540. rlgld support 550 . ^ ^ ^ ^ ' 

34U are shown. 



in FIG. SC. the ra,s,„ g actuator is attached ,o base 220 and comprises voice coil matme, 5,0 
and vo.ce co.1 520. The vo.ce c„„ , s attached ,„ shaft 530. Shaft 530 ,s coupled ,0 firs, aftachmen, 
member 230 (no, shown, T»,„ beams 540 are aftached ,„ a r.g.d suppor, 550. which , s a„ached ,0 ,he 
base. The shal, 3 30 passes through thin beams 540. bu, is not fixed to then, 

th™„ R rr 8 ,o Fia 6c - vo,ce c °" 520 moves m ,he 2 d,rK, '°" ^ - — 

through „. The current passing through coi, 520 ,s controlled by current control system 340 ,„ a 

y flexible , ,„ beams ,40 and ng.d supper, 550. A spring ,„o, show., may be tnconporated berween 
■he vo,ce co.l magnet and ,he ,h,n beams, the spring axis coaxial w,«h shaft 530 

SP.0,4 and ser.a, numbers 3,7. 3IS and 3,9 fabricated by M.nus k Techno.ogy. ,„ c . whlch is 
fabricated „s,„g the designs and teaching ,„ US patents 5,78.357 5,3 ,0,,57 5 370 35^ 5 3 9 
5,349.270 5.669.594 5 794 909 and 5 R33 w J90.S9. 
With a BE, E,ec, '"Corporated by reference here.n. combined in parallel 

71 E '™~ m0V '"- 2 C °" ~ ™de, »• LA25-42-000A. which ,s fabricated us,„,. ,he 
des^ s and teaching ,„ US paten, 5.345.206 incorporated by reference herein. Mote that the use'of a 
ntetall.c co,l carrier ,„ the mov,„g Bil actuator may prov.de more than the des.red amount of 
dampmg due ,0 Eddy current ,„duc,on ,„ the carrier; in such cases a non-metalUc co„ carrier can b 
used ,0 eliminate this undesired damping This nrefr™H w a » 

, ow ° P" tm ed embodiment of ,he raismg member is a very 

sprtng constant support providing horizontal guidance, which also has a very low natura'l 

„t r r ns m ™ ber ais ° has " adjusKb,s - f » -Jiio. J 

TIT' ° f ^ W * — "*> operating conditions. Por examn, 

some embodiments there ,s an e,ecrros,a.,c force of atrract.on between the wafer and the char„ed 

^ r" CS: f ° r " — *~ of ,he wafer and charged particle tics 

,h,s can be compensated for by changing the spring ra,e as the separation varies " 

As show. ,„ FIG. 2A. the m o„„„ of p.a.form 240 ,s constrained by first afachmen, members 
h : d en 7°~— — '«> « o,pos„e ends of legs 270. ,„ differen, embod.m 1 

: ~:™; :z T" 230 - — — — - - ^ 

^e~rees or irccaom ot movement In n r ,.r^n-^ ^ u • 

ment. m pruenea embou.ments. the attachment members 
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and second attachment members are flexural joints. Flexurai joints are well-known in the art to be 
capable of smooth, continuous and highly repeatable motion. 

FIG. 7 shows a preferred embodiment of a two degrees of freedom of movement flexural 
joint. The flexurai joint shpw#-in FIG. 7 is suitable as a first attachment member 230 or second 
attachment member 260. In FIG. 7, first joint element 610. second joint element 620. third joint 
element 630. first flexure strip 640, second flexure strip 650. first flex axis 660, second flex axis 670. 
flexure strip fastener holes 680 and notches 685 are shown. 

In FIG. 7. flexure strips 640 and 650 are held in place with fasteners (not shown) inserted in 
holes 680. The notches 685 run parallel to the grooves into which the flexure strips are inserted: the 
fasteners apply pressure to the wails of the notches 6S5. thereby holding the flexures in place in their 
grooves with the force distributed over the area of the flexure in contact with the wall of the groove. 
First joint element 610 and second joint element 620 are coupled by first flexure strip 640, defininc 
first flex axis 660. Similarly, second joint element 620 and third joint element 630 are coupled by 
second flexure strip 650. defining second flex axis 670. The first and second flex axes are axes about 
which hinge-like motion of the joint elements and connecting flex strips may occur. In a preferred 
embodiment the first and second flex axes are orthogonal. In preferred embodiments, the first joint 
element is rigidly affixed to bottom platform surface 650 and third joint element 630 is rigidly affixed 
to one of legs 270. In preferred embodiments, the first flexure strips and second flexure stnps may 
have a thickness of about 0.010 inches and be made of spring steel, or beryllium/copper alloy, or 
ASTM grade 304 stainless steel. 

As described above, raising actuators 2S5 are capable of changing the elevation of platform 
240 relative to base 210 (see FIG. 2A). To accomplish a raising motion in a preferred embodiment, 
first attachment members 230 cam' a thrusting force. First attachment members 230 may also have 
three degrees of freedom of movement. A two degrees of freedom of movement flexural bearing such 
as that illustrated in FIG. 7 may not only lack a desired degree of freedom of movement, but also may 
be inadequate as a thrust bearing since the flexural joint is prone to distortion or buckling. It i.s 
noteworthy, however, that first flexure strip 640 and second flexure strip 650 (see FIG. 7) may be 
made stiff and short. This may allow the joint to perform acceptably under compression. 

FIG. 8A shows a diagrammatic plan view of an embodiment of a three degrees of freedom of 
movement flexural joint. In FIG. SA. three degree of freedom of movement flexural joint 700. first 
joint element 710, second joint element 720. third joint element 730. second flexures 740. first 
flexures 750. second flex ax.s 760, first flex axis 770. th.rd flex axis 7S0. and fasteners 700 are 
shown. Note that the first and second ilex axes are axes about which hinge-like motion of the joint 
elements and associated flexures may occur, rotation about the third flex axis is due to tw.st.ng of 
either the first, second or first and second flexures. 



<V10 0133232A2 I > 



WO 01/33232 



PCT/US00/41887 



14- 



-40 , /" A ;" rS,J °' m Ckn1Cm ?l ° "" d — "0 „ coupled hv second flexures 

-40. L lk ew,se. tn.rd jomt element 73[) md seco „ d J0jm d5mcn| 7 , (| m ^ ^ 

Th,s results ,„ three de^of freedom of movsme „, ro „ Mns about ^ 
ta. nex ,x, s 770. and ^ «*. 7S0. wh.ch in th.s embod.ment „ a|| ^ ^ 

composes C„ ly two flexure hmgt , ,„ . prefemd tmbodimmi Ae toce 
movement flexura, jo.n, ma y b e fastened , 0 _ „„ „„„ ^ 

r„ r t 2A '' nok tha - ,he nrs,jo,n ' dB ~« 7,0 - - — - - .o - - 

ts attached tn order to allow hingtng motion of the joint , not shown) 

FIG. SB and FIG. SC show cross-secona, views of one of second flexure 740 and ftrst 
^rc 7,0 respecve,, ,„ FIG. SB and FIG. SC, r.rs tJ o,„, element 7,0. second jo,n, element 7^0 
fhtrd jomt Cement 730. second nexure srrtp 705, f,rs, flexure srrtp 7,3. fasteners 725. caps 735 a"„d 

one of legs 270 are shown. P d 

strtp 705 n The G ' ^ ^ "* ™> « * -ond flexure 

» P 00. The second flexure srrip ls anached „ , hc ^ a „ d ^ ^ 

72,. form.ng second flexure 740. The cap 735 ,s used to spread the force from the fasten rs eve„,v 
over the end of the flexure Similarlv Fir. <?/- u , evenly 

7 . 0 , , , F ^ SC ShOWS S£COnd JO,nt element ™ and third joint element 

or:: f y t smp taste r s 725 - tom,ng fot ^ 75 °- - - - > - ■» — - 0 ; 

irom the fasteners even v over the enH nf th» fi- i 

t . u ° f tHe fleXUre - 11 can be appreciated from FIG. SB and FIG SC 

Z TV""" S,r ' PS *« " MUre "* 7 ' 5 — — when l ee 

-8 attached ,„ t , rs , J0 ,„t Cement 7,0. I, ls noteworthy in FIG. SB and no. SC tha, the len-ths 
s„ffness and other charac,ens.,cs of the Hrs, and second Hexure strips ma y he dtfferen ! ran I 
P-cular embodiment. ,„ preferred embod.men, the „ex U re srrtps have a tl.e s T ol , 
IZTr* ° f SPnn6 S,Kl ' - — ^ grade 304 sta.n.ess s, 

of ^:rz:::^;::::^ - ot ° ~ Mm « - - — 

!p .- flexural joint. In FIG 9A. tirst joint element S10, fastener clearance holes 

S1-. 1 rs, flexnre srr.p attachment surfaces S14. f.rst load heartng surface S ,„. firsI d , re c„o„ J 
•con j om , e,emen, S:0. second Hcxure attachment surfaces S2 4. second ,oad heartn s Z , 6 "' 
c „ dtrecon S.S. thtrdjo.n, element S30. upper th.rd tlexure attachment surfaces S3 „ d o t ^ 
third flexure attachment surfaces S35 are shmvn pi» 

FIG. 9A for the sake ofclar.ty. r ' SKm " S « °™"*<> <™ 

in a tvptca, embod.ment, t.rstjcn, element S ,0 , s coupled ,„ raistng member , M , se e HC 

2A). Second ioint element S^O is cnnnl^i r. - , 

iii^l n^xute itnp^. 1 he inird joint clcmenr ,- 1 •• ' 

J L0UP,CU °- v VV0 'lexure strips to the ,l r , t , oini 
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element S10. The leg 270 coupled to the second joint element tS20 passes through the centers or" each 
of the joint elements. All flexure strips are secured on flexure strip attachment surfaces S 1 4, S24. S33 
and S35- The first load bearing surface S 1 6 is the bottom surface of first joint element S10; the load 
bearing surface contacts raising member 2S5 in a typical embodiment. The first direction 8 1 S is the 
direction normal to the first load bearing surface. The second load bearing surface S26 is the recessed 
surface of second joint element S20, upon which leg 270 sits in a typical embodiment. The second 
direction S2S is the direction normal to the second load bearing surface. The second direction is 
opposite to the first direction. 

FIG. 9B shows a preferred embodiment of the three degrees of freedom of movement flexural 
joint with tilt of the leg axis. In FIG. 9B, first joint element S10, second joint element S20, third joint 
element S30, first flexure strip attachment surface 814, caps SI 5, fasteners 817, first flexure strips 
S22, second flexure strip attachment surface S24. upper third flexure attachment surface S3 3, lower 
third flexure attachment surface 835 and leg axis S65 are shown. Leg 270 and second flexure strips 
S34, along with their caps and fasteners, are omitted for the sake of clarity. 

In FIG. 9B, the joint elements are connected as described above for FIG. 9 A. In addition, first 
flexure strip S22 is fastened on second flexure strip attachment surface S24 and upper third flexure 
attachment surface 833 by caps 815 and fasteners Si 7. Note that the second and third joint elements 
are connected by two first flexure strips, diametrically opposed (see FIG. 9A); only one of the first 
flexure strips can be seen in FIG. 9B. 

FIG. 9B illustrates a degree of freedom of movement of the joint. As first flexure strips S22 
bend, second joint element S20 tilts. Note that this motion results in movement of leg axis 865 as 
shown. ("Note that due to the nature of flexure strip distortion under load, there may be some displace- 
ment of one joint element with respect to the next in addition to the tilt described above.) Similarly, a 
second degree of freedom of movement is due to bending of the second flexure strips (not shown). 

FIG. 9C shows a preferred embodiment of the three degrees of freedom of movement flexural 
joint with rotation about the leg axis S65. In FIG. 9C, first joint element S10, second joint element 
820, third joint element S30, fastener clearance holes S12, first flexure strip attachment surface 814, 
caps SI 5, fasteners SI 7, second flexure attachment surface S24, upper third flexure attachment surface 
833, second flexure strips S34, lower third flexure strip attachment surface S35 and leg axis 865 are 
shown. Leg 270 and first flexure strips 824. along with their caps and fasteners, are omitted for the 
sake of clarity. Elements shown in FIG. 9C are as in FIGS. 9 A and 9B. 

In FIG. 9C. the joint elements are connected as described above for FIG. 9A. In addition, 
second flexure strip S34 is fastened on first flexure strip attachment surface S14 and lower third 
flexure attachment surface S35 by caps SIS and fasteners SI 7. Note that the first and third joint 
elements are connected by two second flexure strips, diametrically opposed (see FIG. 9A): only one 
of the second flexure srnps can be seen in FIG. ( >C 
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FIG. 9C illustrates a third desiree of freeH^™ ~r 

«*. 834 bend and ,w,s,. fo r example. a m ° Veme "' °' ^ J °""' AS n ™" 

iui example as a reaction to a torque about ie^ nv K ere tU 

motion of second join, element S20 about le~ ax,s 8f„ ,N „ , '* 
distortion under load, there mav be some d, C o, " "* """" « """" ^ 
add-on ,o the rotation described above, J °' M etaneM ™*™ » "« » 

Thus, as illustrated in FIG. 9B and FIG or ,i. ■ ■ u 

" flG. sc. the joint has three de«rees of m.-H„„ „r 
movement. It ,s noteworthy ,„ , he above tha, st.ffness of ,h. ■ . 

lengths or matena, propert.es of the flexure sr" 1 "°" ^"^ °"< mS 

-1. occur bv nvtsL and b«^^T ^„ ^ ^ "™ ° f ""^ 

»,,.n S and be„d,n g w,,, depend « I 1 , ^ " — " 

•be preferred embod.men, most of the rw.st,™ ^ 7 Tn"" °' 

S .r,ps hav,„ E the same stiffness,. * ' SeC ° nd S "'" S < b °* ~ °' 

FIGS. 9A - 9C show a preferred embodiment of the three decrees of freedom of 

I .. u > ooui tne leg axis, the preferred embodiment shown in FIGS 9 A. or 

may be lighter and more compact than the -i^- L " C 

unipaci man tne embodiment shown in FIG 8A wh.r, »»,-•• 

are both concentric and coaxial Also for mm - v J °' ^ 

-» — . « a„d ^ ^r^^^™rrrr ^ 

° fm - »" — of the nexura.jo.n, shown i„ FlGsIl ^ " 

figs: ,r ™::::,;7 p ' used for ,hs ,h ~ e desrees ° f ^ ° f — - — - 

^ ^ canbesi mpl'fiedtogiveatwode.n-eesoffrr>eHn m ^ ■ ■ 

freedom of motion ,„,„, 1S shot™ ,„ F,GS c ^ 7 " J °' m: "" S ™° °' 

offreedomof m oti„„, r ere q uired. ' «- « d where onlv two de^ees 

- — s.p attain, ^^^2 .^.r ~ ^ 
second joint element 820. second flexure attachment surfaces 8 4 H, ' . ** 

and second direction 828. are show, 4„ „ ' b °°™ S SU "=« S "'' 

surfaces 8,4 and „ 4 (Flexure str *t " ™ « '** attachmen, 

Th c f.rst .-jb^: ::~ ~ — - ™- - *» - - - 

•26 i. .he recessed surface of second jo.nt Cement «, ^ I " b " ring ^ 

norma, ,„, h e second load bear,., surfal. The I n M ^ « *« 

I ne second direction ,s opposite to the firs, direcon 
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FIG. 10B shows an embodiment of the two degrees of freedom of movement fiexural joint 
with tilt of the leg axis. In FIG. 10B. first joint element S10. second joint element S20. first flexure 
strip attachment surface SI 4. caps SI 5. fasteners SI 7. first flexure strips S22. second flexure strip 
attachment surface S24 and axis S65 are showm. 
5 In FIG. 10B, the joint elements are connected as described above for FIG. 10A. In addition, 

first flexure strips S22 are fastened on second flexure strip attachment surfaces S24 and first flexure 
strip attachment surfaces 814 by caps SI 5 and fasteners SI 7. Note that the first and second joint 
elements are connected by two first flexure strips, diametrically opposed (see FIG. 10A); only one of 
the first flexure strips can be seen in FIG. 10B. 

10 FIG. 10B illustrates a degree of freedom of movement of the joint. As first flexure strips S22 

bend, second joint element S20 tilts. Note that this motion results in movement of axis 865 as shown. 
(Note that due to the nature of flexure strip distortion under load, there may be some displacement of 
one joint element with respect to the next in addition to the tilt described above.) 

FIG. 10C shows an embodiment of the two degrees of freedom of movement fiexural joint 

15 with rotation about the axis S65. In FIG. 10C, first joint element S10, second joint element S20, 
fastener clearance holes SI 2, first flexure strip attachment surfaces SI 4, caps 815, fasteners SI 7, 
second flexure attachment surfaces S24, first flexure strips S22 and axis S65 are shown. Elements 
shown in FIG. 10C are as in FIG. 10B. 

FIG. 10C illustrates a second degree of freedom of movement of the joint. As first flexure 

20 strips S22 bend and twist, for example as a reaction to a torque about axis 865. there is rotat-ional 
motion of second joint element 820 about axis S65. (Note that due to the nature of flexure strip 
distortion under load, there may be some displacement of one joint element with respect to the next in 
addition to the rotation described above.) Note that the first and second joint elements are connected 
by two first flexure strips, diametrically opposed (see FIG. 10A); only one of the first flexure strips 

25 can be seen in FIG. 10C. 

Thus, as illustrated in FIG. 10B and FIG. IOC, the joint has two degrees of freedom of 
movement. It is noteworthy in the above that stiffness of the joint may be changed by altering the 
length or material properties of the flexure strips. 

FIG. 2B shows a charged particle beam lithography system which is comprised of an 

30 embodiment of the present invention coupled with a vacuum system ('vacuum-sealed frame 210 and 
vacuum pump 215) and a charged particle beam generator (charged panicle optics 295). The charged 
particles could be electrons in a preferred embodiment or ions in other embodiments. 

In FIG. 2B. the vacuum system maintains a gas density within the vacuum-sealed frame that 
allows a charged particle beam to propagate without significant charged particle scattering. The 

35 charged particle beam lithography system generates and controls at least one charged panicle beam 
for writing patterns on a semiconductor wafer as well as controlling the position of the at least onv 
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charged particle beam relative to the wafer. An aspect of positioning of the at least one charged 
particle beam relative to the wafer includes articulating elements of stage 200 according to this 
invention. Note that the stage of this invention is particularly well suited to a multiple column, 
multiple electron beam lithography system (each column having multiple electron beams), where 
columns are distributed over the area of the wafer, allowing lithography with only minimal movement 
of the stage. 

The top surface of the platform should be capable of accommodating a semiconductor wafer 
with a diameter of at least 100 mm, and preferably a diameter of 300 mm. 

In a preferred embodiment, a low-mass high precis.on stage capable of holding a 300 mm 
wafer weighs less than 100 lbs. Th.s is achieved by optimizing the engineering design and using 
lightweight materials; the use of alumina-based ceramic for the platform 240 and legs 270 and 
relieving the backside of the reflective top (386) and side surfaces (385) of the platform are described 
above. 

Preferred embodiments of the stage as described above are operated with the wafer at 50kV 
1 5 relative to the frame, and could be operated at 120kV or higher. 

The foregoing descriptions of various embodiments of the invention have been presented for 
purposes of illustration and description. It is not intended to limit the invention to the precise forms 
disclosed. Many modifications and equivalent arrangements will be apparent. 
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WHAT IS CLAIMED IS: 

1 . A stage comprising: 
a base; 

a frame attached to said base; 

a platform with a bottom platform surface; 

at least three adjustable limbs coupled to said base and said bottom platform surface, each limb 
comprising a raising member attached to said base, a first attachment member attached to said raising 
member, a leg, a bottom end of said leg attached to said raising member, a second attachment member 
attached to a top end of said leg and said second attachment member attached to said bottom platform 
surface; and 

platform movement members coupled to said platform and said frame. 

2. The stage of claim I, wherein each of said first attachment members have two degrees of freedom 
of movement. 

3. The stage of claim 1, wherein each of said first attachment members have three degrees of 
freedom of movement. 

4. The stage of claim 1, wherein each of said second attachment members have three degrees of 
freedom of movement. 

5. The stage of claim 2. wherein each of said second attachment members have three degrees of 
freedom of movement. 

6. The stage of claim i, wherein each of said second attachment members have two degrees of 
freedom of movement. 

7. The stage of claim 3, wherein each of said second attachment members have two degrees of 
freedom of movement. 

S. The stage of claim 1, wherein said first attachment members are flexural joints. 

9. The stage of claim I. wherein said first attachment members are flexural thrust joints. 

10. The stage of claim I. wherein said second attachment members arc fiexura! joints. 
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joints. 



1 1. The stage of claim 1. wherein said second attachment members are tlexural thrust jc 

12. The stage of claim S. wherein said second attachment members are flexural j< 

13. The stage of claim 9, wherein said second attachment members are flexural thrust joints. 

14. The stage of claim 1. wherein sa.d platform movement members compose at least three platform 

actuators. 

15. The stage of claim 14, wherein at least one of said platform actuators is an electromagnetic 
platform actuator. 

16. The stage of claim 15, wherein said electromagnetic platform actuator comprises: 
a first coil attached to said platform; 

a first magnet assembly attached to sa.d frame and electromagnetically coupled to said first coil; 

and 

a current control system electrically coupled to said first coil. 

17. The stage of claim 16. former comprising a cooling system and cooling channels thermally 
coupled to said coil. 

18. The stage of claim 17, wherein sa.d cooling system and cooling channels maintain a platform 
reference temperature to within +/- 0.1 degrees Celsius. 

19. The stage of claim 1, wherein said raising members are support elements, providing a force to 
oppose the weight of said platform. 

20. The stage of claim 19, wherein sa.d support elements are constant force supports. 

21. The stage of claim 20, wherein sa.d constant force supports are buckled columns. 

22. The stage of claim 1. wherein sa,d raising members are raising actuators, allowing adjustment of 
the elevation of said platform relative to said base. 

23. The stage of claim 22. wherein at least one ofsaui raising actuators ,s an electromagnetic ra.s.nu 
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actuator. 

24. The stage of claim 23, wherein said electromagnetic raising actuator comprises: 
a second coil attached to said base; 

a second magnet assembly attached to one of said first attachment members and elecrromag- 
netically coupled to said second coil; and 

a current controller electrically coupled to said second coil. 

25. The stage of claim 1, wherein said raising members are damping elements. 

26. The stage of claim 1, wherein each raising member is a support element in parallel with a raising 
actuator. 

27. The stage of claim 1, wherein each raising member is a support element in parallel with a 
damping element. 

28. The stage of claim 1, wherein each raising member is a damping element in parallel with a raising 
actuator. 

29. The stage of claim 1, wherein each raising member is a support element, a damping element and a 
raising actuator, all in parallel. 

30. The stage of claim l t wherein said legs are substantially parallel to each other. 

31. The stage of claim 1, wherein said platform is substantially electrically insulating. 

32. The stage of claim L wherein said legs are substantially electrically insulating. 

33. The stage of claim 1, wherein said frame is a vacuum chamber. 

34. The stage of claim 1, wherein said platform has a top surface capable of accommodating a wafer 
with a diameter of at least 100 mm. 

35. The stage of claim 1, wherein said platform has a top surface capable of accommodating a wafer 
with a diameter of 300 mm. 
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36. The stage of claim 35, wherein the weight of said stage is less than 100 lbs. 

37. A stage comprising: 
a base; 

a frame attached to said base; 

a platform with a bottom platform surface; 

three substantially parallel adjustable limbs coupled to said base and said bottom platform surface, 
each limb comprising a raising member attached to said base, where said raising member is a constant 
force support in parallel with an electromagnetic raising acruator, a first flexural thrust joint with three 
degrees of freedom of movement attached to said raising member, a leg, a bottom end of said leg 
attached to said first flexural thrust joint, a second flexural thrust joint with two degrees of freedom of 
movement attached to a top end of said leg and said second flexural thrust joint attached to said 
bottom platform surface; and 

four electromagnetic platform actuators coupled to said platform and said frame, whereby 
coordinated operation of both raising actuators and platform actuators provides precise positioning 
and movement of said platform with six degrees of freedom. 
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